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(54) Optical recording medium and recording method therefor 



(57) The pattern (104) of a desired character or 

design can be displayed visibly in an information record- 
ing area of an optical recording medium by utilizing the 
Interference phenomenon of the reflected light (200a, 
200b). which is caused by the different track pitch (P2, 



P3) from the standard track pitch (P1), wherein the dif- 
ferent tracl< pitch (P2, P3) is applied to some part of 
tracks (103) conesponding to the desired pattern (104) 
to be displayed visibly. 
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Description 

BACKGROUND OF THE INVENTION 

Reld of the Invention : s 

[0001] The present invention relates to an optical 
recording medium such as an optical disc recorded with 
irrformation signals and a recording method therefor, 
particularly, relates to an optical recording medium of io 
which a track is formed in a main information recording 
area on a disc shaped substrate, wherein the track is 
formed in concentric circles or in a spiral composed of 
array of a plurality of pits, and wherein tracks adjoining 
to each other are arranged approximately in a same is 
pitch. 

Description of the Related Art : 

[0002] With respect to contents of information 20 
recorded in an optical recording medium such as an 
optical disc, there provided prior arts related to express 
or indicate visibly numbers or characters such as alpha- 
bet indicating a recognition number or a manufacturing 
sequence number, which is inherent to the optical ss 
recording medium itself, and related to display visbly a 
design pattern corresponding to a content of informa- 
tion recorded. Actually, various methods or systems 
have been realized. 

[0003] In order to prevent information signals such so 
as music, video image or game software recorded in an 
optical disc from illegal duplication by illegal operation 
or reverse engineering, there provided prior arts dis- 
closing a recording method, which records information 
of verifying that the optical disc is a genuine optical disc 3s 
or a legally manufactured optical disc, wherein the veri- 
fying information is recorded as information by a visible 
character or symbol or pattern, or as information, which 
can be read out as data by utilizing pits allocated on a 
track Actually, various systems or methods of prevent- w 
ing information signals from illegal duplication have 
been utilized. 

[0004] The prior art, for example, Japanese Patent 
Laid-open Pid^kicalion No. 58-100235/1983, which is 
filed by the same applicant as that of the present inven- 4s 
tion, discloses that numbers or characters such as 
alphabet indicating a recognition number or a manufac- 
turing sequence number inherent to an optical disc itself 
and patterns related to a content of recorded informa- 
tion are recorded outside an information recording area, so 
which is an area for recording information originally to 
be recorded such as music or video images, wherein 
such numbers, characters or patterns are visibly dis- 
played or indicated by a dot pattern, which is formed a 
same pH structure as a pit recorded with infbrmation sb 
originally to be recorded as mentioned above. 
[0005] The other Japanese Patent Laid-open Publi- 
cations such as No. 9-128809^1997, No. 8-83440/1996 
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and 9-115186/1997 provide methods of forming an 
inherent pattern outside an information recording area 
of an optical disc. According to these methods, charac- 
ters and patters can be displayed or indtoated visibly in 
a main information recording area of an optical disc. 
Further, it is advantageous to an optical disc that char- 
acters or patterns can be formed on the disc during the 
same manufacturing process of recording information 
such as music or video images originally and can be 
displayed or indicated. 

[0006] However, in all these methods, an exclusive 
pattern for indicating diaracters or designs is fbrmed by 
exclusive pits for displaying the characters or the 
designs, wherein the exclusive pits are a different format 
from pits for information to be recorded originally 
Accordingly, such exclusive pattern for indicating char- 
acters or designs can Ise displayed only in a narrow area 
such as a blank space outside an information recording 
area for recording information to be recorded originally. 
In other words, there exist a problem that it Is basically 
impossible to indicate characters or designs at an arbi- 
trary location in an Information recording area of an opti- 
cal disc and in arbitrary dimensions 
[0007] On the other hand. Japanese Patent Laid- 
open Publications No. 7-130134/1995 and No. 8- 
273201/1 996 provide a method of forming a pattern for 
visible characters or designs in an information recording 
area as well as outside an information recording area. 
[0008] The Japanese Patent Laid-open Publication 
No. 7-130134/1995 discloses that a pattern for visible 
characters or designs are formed with pits in an infor- 
mation recording area of an optical disc in conjunction 
with information to be recorded originally by writing the 
information to be recorded originally and the pattern for 
characters or designs in the CAV (Constant Angular 
Velocity) and CLV (Constant Linear Velocity) systems 
respectively. According to the disclosure, a pattern for 
(Siaracters or designs is formed with a pit of the CLV 
system on an optical disc, wherein information such as 
music and video images are originally recorded with a 
pK of the CAV system. Accordingly, a pattern for visible 
characters or designs can be displayed in an informa- 
tion recording area of an optical disc in conjunction with 
recording informatfon to be recorded originally. 
[0009] Forming information to be recorded origi- 
nally and a pattern tor indicating characters or designs 
in one recording area by writing them with the CAV and 
CLV systems respectively is assigning some of pits, 
which are originally provided for recording information 
to be recorded, to the pattern for indicating characters 
or designs In other words, some pits out of a total 
rapacity of pits provided for the information to be 
recorded in the recording area are utilized for forming 
the pattern tor indicating characters or designs. /Vccord- 
ingly, recording capacity for the information to be 
recorded originally in the recording area is sacrificed for 
the pits assigned to the pattern for indicating characters 
or designs. 
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[0010] Since a pattern for indicating characters or 
designs can be formed in one recording area together 
with information to be recorded originally by these prior 
arts, it is possible to display the pattern fbr indicating 
characters or designs at an arbitrary location and in 5 
arbitrary dimensions. However, there exists a problem 
that recording capacity for the information to be 
recorded originally is decreased by recording capacity 
for the pattern fbr indicating characters or designs. The 
problem is rather serious problem for an optical disc, ;o 
which Is recently required to increase its recording 
capacity. In other words, the prior arts mentioned above 
can not comply with such a requirement that information 
to be recorded originally such as music, video images 
and application software shall be recorded as much as is 
possible in an optical recording medium like an optical 
disc. It is disadvantageous to the prior arts. 
[001 1] The other prior art related to forming a visi- 
ble pattern of characters or designs in a recording area 
Is disclosed in the Japanese Patent l^id-open Publica- 20 
tion No. 8-273201/1996. According to the disdosure, in 
a dual disc such as a DVD (Digital Versatile Disc), which 
Is a disc having a structure of sticking two transparent 
substrates together, a pattern for indicating characters 
or designs is displayed in a main information recording ss 
area of the dual disc by interposing the pattern for Indi- 
cating characters or designs printed, for example, in 
between the two transparent substrates. 
[0012] However, this prior art can not be applied to 
an optical disc having only one transparent substrate. 30 
that is, an optical disc having single layer of transparent 
substrate, because the art is applied only to an optical 
disc having dual layers of transparent substrate. 
[001 3] Japanese Patent Laid-open Publications Na 
8-212560/1996 and No. 61-123026/1986 provide 35 
another method of writing information lor identifying an 
optical disc whettier It is a genuine or foke as a symbol 
or cipher on a data array or signal not as a visible pat- 
tern. Such symbol or cipher can be identified as data 
and further the information for identification can be pro- 40 
tected from duplicating Illegally by the method. There- 
fore, it is possible to identify whether the optical disc Is a 
genuine or fake more accurately and also it prevents an 
optical disc from illegal duplicatk>n, and the illegally 
duplicated optical disc can be securely identified. 45 
[0014] If the art is practiced, however, it causes a 
problem that an exclusive apparatus for writing and 
reading out data for identifying an optical disc whether a 
genuine or fate must be furnished. Further, there exists 
another problem that the optical disc can not be identi- so 
fled whether it is a genuine or fake at a glance unless 
the apparatus is utilized. In addition thereto, it Is essen- 
tially impossible to display characters or designs visibly 
[001 S] /\s mentioned above, the prior art, which dis- 
plays a visible pattern of characters or designs by utillz- 55 
Ing a regular pit for recording information, has an 
advantage of being at^e to obtain the visible pattern 
through a simple manufacturing process because the 



visible pattern for displaying characters or designs can 
be formed by utilizing a same pit as that for recording 
original information. However, an area in where such a 
visible pattern can be displayed is limited to a narrow 
area outside the original information recording area 
such as an outermost circumference area or an inner- 
most area of an optical disc, that is, an extra space area. 
In addition thereto, only characters or designs in small 
dimensions can be displayed in the narrow area. 
[0016] In the case of the prior art of displaying a vis- 
ible pattern such as character and design in Uie original 
infonnation recording area, since some pits in ttie infor- 
mation recording area are diverted to the visible pattern, 
the pits are no more utilized for recording original Infor- 
mation. Accordingly, recording capacity for recording 
infonnation to be recorded originally is decreased and it 
causes a prot)lem of being against a recent market 
demand for Increasing information recording capacity 
much more. 

[0017] Pits for recording original information 
togettier with pits diverted to ttie visible pattern are 
mixed in the information recording area of an optical 
disc, it is necessary for a reproducing apparatus to dis- 
aiminate two types of pits one by one when the optical 
disc is loaded into the apparatus and the original infor- 
mation Is read out. The apparatus must be equipped 
with a function of discriminating types of pits rapidly and 
accurately one by one, ottienwise the pits diverted to the 
visible pattern may be read out as noise or irregular 
data. Accordingly, it causes problems that the recorded 
infonnation can not be reproduced accurately and that 
ttie original information can be reproduced as music, 
video images or application software including many 
noise or inegular data. 

[0018] In the case of utilizing tiie visible pattern 
mentioned above as an identification symbol for pre- 
venting an optical disc from illegal duplication, since 
recorded contents of the disc and the visible pattern can 
easily be reproduced by a regular reproducing appara- 
tus if the visible pattern is formed by flie same forming 
system as that of general pit. Such the identification 
symbol is actually not effective to prevent the optical 
disc from or to find illegal duplication or reverse engi- 
neering. Accordingly, it is necessary to form an identifi- 
catton symbol for preventing an optical disc from illegal 
duplication by the other forming method or system. 
[0019] There existed another problem that a sophis- 
ticated apparatus exclusively for vm-iting or reading out 
identification data must be prepared altiiough the prior 
art of writing or reading out an invisible symbol or cipher 
as an identification symbol or identification data for pre- 
venting an optical disc from illegal duplication is pro- 
vided. It is impossible to confirm an optical disc whether 
it is a genuine disc or faked at a glance, unless such the 
apparatijs is utilized. In addition thereto, it is essentially 
Impossible to display characters or designs visibly, 
because they are recorded invisibly as data. 
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SUMMARY OF THE INVENTION 

[0020] Accordingly, an object of the present inven- 
tion is to provide an optical recording medium, which 
solves problems in the prior arts mentioned above. 
[0021] In order to achieve the above object, the 
present inverrtion provides an optical recording medium 
such as an optical disc, which can display a visible pat- 
tern such as characters or designs at an arbitrary loca- 
tion in a main information recording area on a substrate 
of the optical recording medium and can maintain origi- 
nal recording capacity sufficiently without loosing any 
recording capacity for information to be recorded origi- 
nally although means for displaying a visible pattern are 
provided in the information recording area. Further, the 
optical recording medium is equipped with means for 
displaying the visible pattern such as characters or 
designs, which can be apparently identified visually at a 
glance and utilized as an identification pattern being not 
able to be duplicated illegally 
[0022] According to an aspect of the present inven- 
tion, there provided an optical recording medium com- 
prising tracl<s, which are arranged in concentric circles 
or a spiral on a disc and composed of plural pits, 
wherein a track pitch between adjoining tracks is formed 
approximately equal to each other, the optical recording 
medium is recorded with an infbrmalicn signal by 
means of the plural pits, the optical recording medium is 
further characterized by that the track pitch is displaced 
to a radial direction of the disc in response to a desired 
pattern of character and/or design, and that the desired 
pattern is displayed visibly at least in a recording area 
for the information signal of the disc by an interference 
of a reflected light caused by a displaced track pitch, 
wherein the Interference caused by the displaced track 
pitch is different from other interference of a reflected 
light caused by a track pitch not displaced. 
[0023] According to another aspect of the present 
invention, there provided a recording method of an opti- 
cal recording medium having tracks, which are arranged 
in concentric circles or a spiral on a disc and composed 
of plural pits, wherein a track p'tch between adjoining 
tracks is formed approximately equal to each other, said 
optical recording medium is recorded with an informa- 
tion signal by means of said plural pits, the recording 
method further comprises a step of displacing the track 
pitch to a radial direction of the disc in response to a 
desired pattern of character and/or design and a step of 
displaying the desired pattern visibly at least in a record- 
ing area fbr the information signal on the disc by an 
interference of a reflected light caused by a displaced 
track pitch, wherein the interference caused by the dis- 
placed track pitch is different from other interference of 
a reflected light caused by a track pitch not displaced. 
[0024] Other object and further features of the 
present invention will be apparent from the following 
detailed description when read in conjunction with the 
accompanying drawings. 
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BRIEF DESCRIOPTION OF DRAWINGS 
[0025] 

5 Fig. 1 shows an outline of an optical recording 
medium according to an embodiment of the present 
invention. 

Fig. 2(a] is a plan view of an optical recording 
medium showing an arrangement of tracks oom- 

10 posed of a plurality of pits, which display a visible 
pattern such as characters or designs by changing 
a track pitch on a flat substrate of the optical record- 
ing medium according to the embodiment of the 
present invention. 

15 Fig. 2(b) is a sectional view taken substantially 
along line A-A' of Fig. 2(a}. 
Rg. 3 shows an example of a desired character pa^ 
tern, which is displayed visibly on an optical record- 
ing medium, according to the embxxliment of the 

so present invention. 

Fig. 4 shows an exemplary model of a first method 
of changing a track pitch in order to display the 
desired visible pattern shown in Fig. 3. 
Fig. 5 shows an exemplary model of a second 

ss method of changing a track pitch in order to display 
the desired visible pattern shown in Fig. 3. 
Fig. 6 shows an exemplary model of a third method 
of changing a track pitch in order to display the 
desired visible pattern shown in Fig. 3. 

30 Fig. 7 shows an l-shaped pattern as an example of 
a long pattern extended along a radial direction of 
an optical disc. 

Fig. 8 shows an example of utilizing the third 
method shown in Fig. 6 in order to display the t- 

35 shaped pattern shown in Fig. 7. 

Fig. 9 shows an example of a fourth method of 
forming a track corresponding to a visible pattern 
into a square waveform like shape In the double 
current system, wherein an amplitude of the square 

40 waveform like shape alternately changes to an out- 
ermost circumference and an Innermost circumfer- 
ence in a radial direction of an optical disc on a 
basis of a track of being not changed. 
Rg. 10 shows an example of a fifth method of form- 

IS ing a track con-esponding to a visible pattern into a 
square waveform like shape in the single current 
system, wherein an amplitude of the square wave- 
form like shape changes only to an outermost cir- 
cumference in the radial direction of an optical disc 

50 on a basis of a track of being not changed. 

Rg. 1 1 shows a block diagram of a recording appa- 
ratus for producing a master disc fbr mass-produc- 
ing an optical recording medium according to the 
present inventnn. particularly shows an outline of a 

55 method of changing a track pitch in response to a 
desired visible pattern. 
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DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[Embodiment] 

[0026] Fig. 1 shows an outline of an optical record- 
ing medium according to an embodiment of the present 
invention. In Fig. 1, an optical recording medium com- 
prises a disc shaped substrate 100 having a main infor- 
mation recording area 101 composed of a recording 
area 105 for recording information signals, wfiich is 
formed witti a track 103 spirally or in concentric circles. 
The track 1 03 is composed of a plurality of pits in series 
and adjoining tracks are arranged approximately In an 
equal pitch, that is. in a track pitch of PI . A desired visi- 
ble pattern 104 is displayed on the recording area 105 in 
the main information recording area 101. Fig. 2(a) is a 
enlarged plan view of a plurality of tracks 103a through 
103n, hereinafter called tracks 103 In general, which are 
allocated in the recording area 105 shown in Fig. 1. The 
tracks 103 are arranged with plural pits 102a through 
102n, hereinafter called pHs 102 in general. These plu- 
ral pits 102 record information signals such as video 
images, music and application software with respective 
pit length and its allocation in the longitudinal direction 
of a track. Some tracks an-anged with pits 1 06a through 
106n, hereinafter called pits 106 in general, which are 
corresponding to the desired visible pattern 104 shown 
in Fig. 1 as a character pattern "A", are allocated in the 
recording area 105 by displacing their pitches from Pi 
to P2 or P3 in the radial direction of 4ie disc shaped 
substrate 100. A boundary 203 exists in between an 
area of allocating all tracks 1 03 by the same track pitch 
of P1 and another area of allocating pits 106 by different 
track pitch of P2 or P3. Fig. 2(b) is a sectional view 
taken substantially atong line A-A' of Fig. 2(a). In Fig. 
2(b), an incident light 202 irradiates the tracks 103 com- 
posed of the pits 102 and 106 allocated in the recording 
area 105 of the disc shaped substrate 100 and reflected 
by the pits 102 and 106. Reflected light 200a and 200b, 
hereinafter called reflected light 200, by the tracks com- 
posed of the pits 106 having a displaced track pitch of 
P2 or P3 and reflected light 201a and 201b, hereinafter 
called reflected light 201 , by the tracks composed of pits 
102 having a standard track pitch of PI are interfered 
respectively. Since interference caused by the reflected 
light 200, which is reflected by the displaced track pitch 
of P2 or P3, is Intentionally designed to be different from 
interference by the reflected light 201 reflected by the 
standard track pitch of PI, the desired visible pattern 
104 can be displayed visibly on the recording area 105 
in the main information recording area 101 of the disc 
shaped substrate 100. 

[0027] In a disc shaped optical recording medium 
such as an optical disc, generally, it is demanded that 
information shall be recorded in high density as much 
as possible. In order to increase recording density, a 
width (Pt) of a track 103, which is composed of an array 



of a plurality of pits 102, Is formed extremely in minute. 
Further, a gap, that is, a track pitch (PI ) between adjoin- 
ing tracks 103 is arranged at regular intervals in a pre- 
determined pitch of PI so as to eliminate in^egularity 

5 such as cross talk generated in between adjoining 
tracks while reading out recorded data or signals. This 
structure of an optical recording medium, that is, frie 
minute track width (Pt) and the track pitch (P1) act as a 
diffraction grating as if the diffraction grating is com- 

10 posed of a plurality of minute slits. Accordingly, an angu- 
lar area of the reflected light 201 , which is bright In an 
inherent direction, is generated by diffraction and inter- 
ference effects of light prescrbed by a wave length of 
the incident light 202 and an interval of slits, that is, the 

IS track pitch (P1). 

[0028] Such the diffraction and interference caused 
by the reflected light 201 and generating a bright area in 
an inherent direction are generally classified as the 
Fraunhofer diffraction and interference by combining the 

20 track width (R) and the track pitch (P1), which are basi- 
cally employed in an optical disc such as a regular CD 
(Compact Disc), with a wave length of visible light com- 
monly available in regular living environment. As a 
result of the Fraunhofer diffraction and Interference, 

25 rainbow like light reflection, which can be seen en an 
infonnation recording area of a regular CD, occurs. 
[0029] According to the aspect of the present inven- 
tion, an angle of a bright area generated by diffraction 
and interference of the reflected light 200 and 201 can 

30 be controlled by shifting a track to the outermost circum- 
ference direction or to the innermost circumference 
direction so as to change a track pitch from Pi to P2 or 
P3 as shown in Figs. 2(a) and 2(b). In other words, in 
the recording area 105 composed of a plurality of pits 

35 1 02 and 1 06 in an optical recording medium, an angle of 
a bright area generated by the reflected light 200 can be 
controlled to be completely different angle from that of 
generated by the reflected light 201. 
[00301 Accordingly, a line or a plain of a pattern for 

40 displaying character or design can be displayed in an 
area of generating the reflected light 200 by the tracks 
composed of pits 106 of which a track pitch Is displaced 
from PI to P2 or P3. The area of generating the 
reflected light 200 is separated from the area of gener- 

45 ating the reflected light 201 is outlined by the boundary 
203. Further, while displacing the track pitch from PI to 
P2 or P3, an amount of variance, that is, AP = PI - P2 
is assigned within a limited range not so as to be dis- 
criminated as abnormal tracking by a regular reproduc- 

50 Ing apparatus. With respect to readout of originally 
recorded information recorded in pits having the track 
pitch of P2 or P3, a regular reproducing or reading out 
apparatus can read out the originally recorded informa- 
tion without any difference from reading out regular pits 

55 having the track pitch of PI and can certainly read out 
wittTout any inconvenience. 

[0031] In this embodiment of the present invention, 
the amount of variance A P is defined as minutely as 
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less than 100 nm. Since the amount o1 variance is 
assigned to a minute value, tracks shitted are not 
judged by a reproducing apparatus that tracl<ing is irreg- 
ular when the reproducing apparatus reads out 
recorded data from the tracks shifted. Further, a charac- 5 
ter patter can be fully displayed visually. 
[0032] Fig. 3 shows an example of a desired char- 
acter pattern, which shall be displayed visibly on an 
optical disc as shown in Fig. 1 according to the embod- 
iment of the present invention. Fig. 4 shows an exem- 
plary model of displaying the desired character pattern 
shown in Fig. 3 visibly according to a first method of 
changing a track pitch. In Fig. 4, the tracks 103 are com- 
posed of 19 tracks TrIOl through Tri 19 and the drawing 
shows typically that the desired character patter is dis- 
played by using 9 tracks Tr1 07 through Tri 1 5. l-lowever, 
a number of tracks 103, which is necessary to display- 
ing one visible patter, is actually a larger number of 
tracks than that of shown in Fig. 4, that is. some thou- 
sands to some ten thousands tracks 1 03 are necessary 
to displaying the visible pattern. 
[0033] As shown in Fig. 4. a pitch of the tracks 1 03 
(Tr107 through Tr115) corresponding to the visible pat- 
tern to be displayed is displaced toward the innermost 
circumference in the radial direction of the optical disc 
by the variance A F mentioned above so as to become 
P2. The displacement (A P) is formed that all tracks cor- 
responding to the visible pattern are displaced toward 
the innermost circurrference in the radial direction and 
not displaced toward the outermost drcumlerence at all. 
It is also feasible as well that the variance A P of the 
track pitch is displaced toward the outermost circumfer- 
ence in the radial direction of an optical disc, not shown 
though, in contrast with the case shown in Fig. 4. 
[0034] Accordingly, by changing a track pitch in 
response to a visible pattern to be displayed, the visit)le 
pattern shown in Fig. 3, particularly, an outline of the 
visible pattern can be actually displayed by utilizing var- 
iations of diffraction and interference of reflected light 
caused by variance of the track pitch as shown in Fig. 
2(b). 

[0035] Fig. 5 shows an exemplary model of display- 
ing the desired character pattern shown in Fig. 3 
according to a second method of changing a track pitch. 
In Fig. 5, the tracks 103 comprise 19 tracks Tr201 
through Tr219. 

[0036] As shown in Fig. 5, a direction of displace- 
ment of the tracks Tr207 through Tr21 5, which are corre- 
sponding to a desired visible pattem shown in Fig. 3, 
are shifted so as to swing alternately toward both direc- 
tions of innermost and outermost circumferences in the 
radial direction of the main information recording area 
101 of a disc on a basis of tracks Tr201 through Tr206 
and T12I6 through Tr219, which are not shifted. The 
tracks corresponding to the desired visible pattern are 
formed as a line having a sinusoidal wave. Accordingly, 
the desired visible pattern is displayed visibly as a total 
pattern including a plain configuration such as bold 



typeface of the pattern as well as its outline by forming 
the tracks corresponding to the desired visible pattem 
as a sinusoidal waveform. 

[0037] In addition thereto, a servo characteristic of 
a reproducing apparatus, which tracks a track pattern of 
a regular sinusoidal waveform mentioned above, is 
maintained stable when an optical disc is loaded and a 
recorded content of the optical disc is read out and 
reproduced. 

10038] Fig. 6 shows an exemplary model of display- 
ing the desired visible character pattern shown in Fig. 3 
according to a third method of changing a track pitch. In 
Fig. 6, the tracks 103 are composed of 19 tracks TrSOl 
through Tr319. The tracks Tr307 through Tr315 are cor- 
responding to the visible pattern 104. However, a part of 
displacement corresponding to the visible pattern 104 is 
not included in the track Tr309 although the track Tr309 
is one component track of comprising the visible pattern 
104. Such tracks as Tr309 and Tr31 1 , which are not dis- 
placed, are intentionally mixed in the tracks correspond- 
ing to the visible pattern 104. As shown in Fig. 6, odd 
numbered tracks such as Tr307, Tr309 and Tr311 are 
kept in the standard track pitch P1 and not displaced at 
all. On the other hand, the even numbered tracks such 
as Tr308, Tr310 and Tr31 2 are displaced at a part corre- 
sponding to the visible pattem 104. In other words, 
tracks displaced in response to the visible pattern 104 
are allocated at every other track in all the tracks 103. 
This method is particulariy effective in displaying a long 
pattern, which is longer to the radial direction of an opti- 
cal disc. 

[0039] In addition thereta a track being displaced at 
a part corresponding to the visible pattern 104 Is not lim- 
ited to every other track as mentioned above. The track 
being displaced can be allocated at every third track or 
more. If the track being displaced is allocated at inter- 
vals of excessively many tracks, visibility of the desired 
pattern may be deteriorated because effect of diffraction 
and interference of reflected light caused by the track 
being displaced is weakened. It is desirable Id eliminate 
this deterioration of visibility. Accordingly, allocating a 
track being displaced at every other track is most prefer- 
able to obtain most effective diffraction and interference 
of reflected light caused by the track being displaced. 
[0040] Fig. 7 shows an l-shaped pattern as an 
example of a long pattern extended along a radial direc- 
tion of an optical disc. Figs. 8 through 10 show exem- 
plary models of displaying the l-shaped pattern shown 
in Fig. 7 eo as to display the l-shaped pattern visibly as 
a total pattern including a plain configuration such as 
bold typeface of the pattern as well as its outline in 
accordance with further methods of the present inven- 
tion, 

[0041] Rg. 8 shows an example of displaying the I- 
shaped pattern shown in Fig. 7 by using effectively the 
third method mentioned above with referring Fig. 6. In 
Fig. 8, the tracks 103 are composed of 33 tracks Tr401 
through Tr433 and some tracks alk>cated at every other 
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track such as Tr406 are not displaced although they are 
basically corresponding to the l-shaped pattern shown 
In Fig. 7. In a case that tiie first method shown in Fig. 4 
is applied to a longer shaped pattern toward the radial 
direction of an optical disc, that is, the longer shaped 5 
pattern is longer to a direction of intersecting perpendic- 
ularly to the tracks 1 03 as shown in Fig. 7, an outline of 
the longer shaped pattern can be fully displayed. How- 
ever, it is actually hard to display the l-shaped pattern 
visibly as a total pattern including a plain configuration w 
such as bold typeface of the pattern. On the other hand, 
by applying the third method of allocating a track of 
which a track pitch is displaced from the standard track 
pitch P1 at every other track as shown in Fig. 8, such the 
longer pattern to the direction of intersecting perpendic- 15 
ularly to the tracks 103 can fully be displayed visibly as 
a total pattern including a plain configuration such as 
bold typeface of the pattern. In addition thereto, it is also 
feasible that adjoining tracks are displaced toward direc- 
tions opposite to each other although not shown in a 20 
drawing, for example, an even numbered track is dis- 
placed toward the outermost circumference direction 
and an odd numbered track is displaced to the inner- 
most circumference direction. 

[0042] Fig. 9 shows an example of displaying the 2S 
longer pattern shown in Fig. 7 according to a fourth 
method of the present invention. In Fig. 9, the tracks 1 03 
are composed of 22 tracks Tr501 through Tr522 and the 
tracks Tr503 through Tr520 are corresponding to the vis- 
ible pattern shown in Fig. 7. It is also feasible that the 30 
tracks Tr503 through Tr520 are formed as a rectangular 
waveform, which is displaced so as to swing alternately 
toward both the outermost and the innermost circumfer- 
ence directions in the radial direction of an optical disc 
as shown in Fig. 9 on a basis of a track not to be dis- 3S 
placed such as TrSOl or Tr502. The desired visible pat- 
tern can be displayed visibly as e total pattern including 
a plain configuration such as tx}ld typeface of the pat- 
tern as well as its outline by forming the tracks corre- 
sponding to the desired visible pattern as mentioned to 
above. 

[0043] Fig. 10 shows an example of displaying the 
longer pattern shown in Fig. 7 according to a fifth 
method of the present invention. In Fig. 10, the tracks 
1 03 are composed of 33 tracks T16OI through Tr633 and 45 
the tracks Tr605 through Tr629 are corresponding to the 
visible pattern shown in Fig. 7. As shown in Fig. 10, the 
tracks Tr605 through Tr629 corresponding to the visit>le 
pattern are displaced only toward the outermost circum- 
ference direction in the radial directton of an optteal disc so 
so as to form a rectangular waveform on a basis of other 
tracks not displaced such as Tr602. In other words, the 
tracks corresponding to the visible pattern are formed 
as a line having a rectangular waveform of half-wave 
pulsation. Accordingly, the desired visible pattern can 55 
be displayed visibly as a total pattern including a plain 
configuration such as bold typeface of the pattern as 
well as its outline by forming the tracks corresponding to 



the desired visible pattern as mentioned above. In addi- 
tion thereto, it is also feasible that the tracks corre- 
sponding to the desired visible pattern are displaced 
toward the innermost circumference direction in the 
radial direction of an optical disc in contrast to the tracks 
shown in Fig. 10 although not shown in a drawing. 
[0044] In order to manufacture an optical recording 
medium, in which a track pitch is displaced in response 
to a desired visble pattern, a master disc in which a 
track pitch is displaced corresponding to the desired vis- 
ible pattern must be produced first. A working disc, that 
is, an optical disc by mass production Is manutactured 
by utilizing the master disc. Accordingly, a configuration 
of a recording apparatus for producing a master disc 
and its operation are depicted thereinafter. 
[0045] Fig. 1 1 shows a block diagram of a recording 
apparatus for producing a master disc for mass-produc- 
ing an optical recording medium according to the 
present invention. The recording apparatus comprises a 
laser light source 1 for recording, a master disc 2, an 
optical modulator 3, a min'or 4, a lens system 5, a lens 
actuator 6 for tracking, a motor 7 and a recording circuit 
8. The recording circuit 8 further comprises a laser con- 
trol section 9, a signal generating section 10 for record- 
ing pit, a pulse width control section 1 1 , an address data 
generating section 12 of pitch changing position, a con- 
trol section 13 for lens actuator and a timing controller 
14. In addition thereto, a source data 1 5 of recording 
information and a visible pattern data 16 are supplied to 
the signal generator 10 and the address data generat- 
ing section 12 respectively. In Fig. 11, the laser light 
source 1 generates laser beam for engraving pits on the 
master disc 2. The optical modulator 3 modulates a 
pulse width of the laser beam radiated from the laser 
light source 1 . The laser beam modulated by the optical 
modulator 3 is reflected by the mirror 4 and transmitted 
to the lens system 5. The lens system 5 is moved from 
the innermost circumference to the outermost circum- 
ference in the radial direction of the master disc 2 in 
conjunction with the mirror 4 by the lens actuator 6. The 
motor 7 rotates the master disc 2. The laser control sec- 
tion 9 controls the laser light source 1 to generate laser 
beam. The signal generating section 10 generates a 
signal for recording a pit tsased upon the source data 1 5 
of information to be recorded such as music or video 
image, which is supplied from the outside of the record- 
ing circuit 8. The pulse width control section 1 1 controls 
the optical modulator 3 in accordance with a signal gen- 
erated by the signal generator 10. The address data 
generating section 12 converts the visible pattern data 
16 to a track pitch address in the polar coordinates sys- 
tem, for instance. The timing controller 14 controls oper- 
ation timing of the laser control section 9, the pulse 
width control section 1 1 and the lens actuator control 
section 13 so as to activate them in synchronism with 
eadi other. Further, the motor 7 is a spindle motor con- 
trolled by a rotation control circuit, not shown, and 
rotates the master disc 2 at a certain, number of rotation 
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corresponding to a position of the lens system 5. In 
other words, the number of rotation of the nxitor 7 is in 
response to a position of the lens system 5 and in syn- 
chronism with a movement of the position of the lens 
system 5. which is controlled t>y the lens actuator con- 5 
trol section 13. 

[0046] In the configuration of the recording appara- 
tus nientioned ^ve, particularly, the lens actuator 6 is 
controlled by the address data generating section 12 
and the lens actuator control section 13 and drives the 
lens system 5, $0 that the lens system 5 always moves 
in a predetermined standard track pitch such as 1 .6 \im, 
tor example, as the regular specification as long as the 
track pitch Is not displaced. Further, the lens system 5 
engraves pits for recording information, although not 
shown in Fig. 1 1 , on a flat substrate of the master disc 2 
by using the laser beam irradiated from the laser light 
source 1 through the optical modulator 3 in synchronism 
with the movement of the lens system 5. The lens actu- 
ator control section 13 displaces a track pitch from the 
standard track pitch (P1) by a predetermined amount of 
variance A P in accordance with an address data of 
pitch change generated by the address data generating 
section 12 while a pit corresponding to an address des- 
ignated by the address data of pitch change is 
engraved. In addition thereto, if the source data 15 is not 
necessary to coincide exactly with the visible pattern 
data 16, for example, in a case that a pattern can be 
allocated at any position in the radial direction of the 
master disc, a timing pulse generated once a rotation of 
the motor 7 can be utilized as a substitute of the 
address data generating section 12. 
[0047] Accordingly, a track pitch of an area corre- 
sponding to a visible character or pattern can be formed 
in a different pitch from the standard pitch (PI) in other 
areas than the area con-esponding to the visible charac- 
ter or pattem. 

[0048] While the invention has been described 
above with reference to specific embodiment and 
method thereof, it is apparent that many changes, mod- 
ifications and variations In the arrangement of equip- 
n^ent and devices can be made without departing from 
the invention concept disclosed herein. For example, a 
predetermined amount of variant can be obtained by 
deflecting an optical axis of a laser beam itself with 
inserting an optical deflection device such as Te02 into 
the succeeding stage of the optical modulator 9 shown 
in Fig. 11. 

[0049] The matrix coordinates system can also be 
utilized fbr a coordinates system of an address data so 

as to change a track pitch although the polar coordi- 
nates system is disclosed in the embodiment of the 
present Invention. Nevertheless, the polar coordinates 
system is much easier to handle location information, 
that is, address data on a flat substrate of a disc shaped 
recording medium such as an optical disc generally, 
because more simplified operation method and data 
processing method can be applied to the polar coordi- 



nates system in comparison with the matrix coordinates 
system. 

[0050] With respect to the configuration of the 
recording apparatus fw producing a master disc, vari- 
ous kinds of configurations other than the one disclosed 
above can be applicable. It is common to all configura- 
tions that address data of positions at where a track is 
displaced In response to a visitjfe pattern to be dis- 
played are produced and a lens system fbr irradiating a 
laser beam on a master disc is shifted In the radial direc- 
tion of the master disc in accordance with the address 
data so as to displace a track pitch of a track defined by 
the address data by an amount of variance A P in syn- 
chronism with engraving a pit for recording information 
at the track defined by the address data. In a case of 
forming a track composed of a array of pits mechani- 
cally with a cutting process by using a cutting device, a 
method of changing a track pitch of a concerned track is 
also required as mentioned above. 
[0051 ] According to the aspect of the present inven- 
tion, a desired pattern is displayed visibly on an optical 
disc by means of reflected light of the optical disc. How- 
ever, transmission light through an optical disc can also 
be utilized for displaying a desired pattern as other 
aspect of the present invention. Further, the present 
invention mentioned above in the embodiment is 
applied to a disc shaped optk»l recording medium such 
as an optical disc provided with a track, which is allo- 
cated in concentric circles or spirally and composed of a 
plurality of pits, as one example. Nevertheless, the 
present invention can also be applied to other recording 
medium having an external fbrm of a rectangular shape 
other than a disc shape such as an optical card as long 
as it is provided with linear tracks, which are allocated in 
a regular pitch. 

[0052] According to another aspect of the present 
invention, there provided an optical recording medum, 
which can display a visible pattern such as a character 
or design on the optical recording medium, particularly, 
in an information recording area of the optical recording 
medium. Further, there provided an optical recording 
medium, which can fully maintain an original recording 
capacity without losing any recording capacity fbr infor- 
mation to be basically recorded in an information 
recording area although means fbr displa^ng a visitile 
pattern is provided in the information recording area. In 
addition thereto, there provided an optical recording 
medium, which can display a visible pattern such as a 
character or design, wherein ttie visible pattern is an 
identifk»tion pattern of being identified visibly at a 
glance anytime, wherein an original recording capacity 
of an information recording area can be fully maintained 
even though the visible pattern is displayed in the infor- 
mation recording area, and wherein the visible pattern 
can be utilized tor an identification pattern, which can 
not be duplkated illegally. 
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Claims 

1. An optical recording medium having tracks, which 
are arranged In concentric circles or a spiral on a 
disc and composed of plural pits, wherein a track s 
pitch between adjoining tracks is formed approxi- 
mately equal to each other, said optical recording 
medium is recorded with an information signal by 
means of said plural pits, said optical recording 
medium is further characterized by that said track io 
pitch is displaced to a radial direction ot said disc in 
response to a desired pattern of character and/or 
design, and that said desired pattern Is displayed 
visibly at least In a recording area lor said infomia- 
tion signal on said disc by an interference of a rs 
reflected light caused by a displaced track pitch, 
wherein said interference caused by said displaced 
track pitch is different from other interference of a 
reflected light caused by a track pitch not displaced 

20 

2. The optical recording medium in accordance with 
claim 1, In order to realize displacement of said 
track pitch, said optical recording medium is further 
characterized by that a direction of displacement of 

a track to be displaced Is designated to one direc- ss 
tion out of outermost circumference and innermost 
circumference directions in the radial direction of 
said disc on a basis of the track pitch between 
adjoining tracks not displaced. 

30 

3. The optical recording medium in accordance with 
claim 1. in order to realize displacement of said 
track pitch, said optical recording medium is further 
characterized by that a direction of displacement of 

a track to be displaced is designated to both direc- 35 
tlons so as to swing alternately toward outermost 
circumfierence and innermost circumference direc- 
tions in the radial direction of said disc on a basis of 
the track pitch between adjoining tracks not dis- 
placed. 40 

4. A recording method of an optical recording medium 
having tracks, which are arranged in concentric cir- 
cles or a spiral on a disc and composed of plural 
pits, wherein a track pitch between adjoining tracks 4S 
is formed approximately equal to each other, sakl 
optical recording medium is recorded with an infor- 
mation signal by means of said plural pits, sakJ 
recording method further comprises steps of: 

so 

displacing said track pitch to a radial direction 
of said disc in response to a desired pattern of 
character and/or design; and 
displaying said desired pattern visibly at least 
in a recording area for said information signal 55 
on said disc by an interference of a reflected 
light caused by a displaced track pitch, wherein 
said interference caused by said displaced 



track pitch is different from other interference of 
a reflected light caused by a track pitch not dis- 
placed. 

5. The recording method of an optical recording 
medium in accordance with claim 4, in order to real- 
ize displacement of said track pitch, said recording 
method is further characterized by that a direction 
of displacement of a track to be displaced is desig- 
nated to one direction out of outermost circumfer- 
ence and innermost drcumterence directions In the 
radial directton of said disc on a basis of the track 
pitch between adjoining tracks not displaced. 

6. The recording method of an optical recording 
medium in accordance with claim 4, in order to real- 
ize displacement of said track pitch, said recording 
method is further characterized by that a direction 
of displacement of a track to be displaced is desig- 
nated to both directions so as to swing alternately 
toward outermost circumference and innermost cir- 
cumference directions In the radial direction of said 
disc on a basis of the track pitch between adjoining 
tracks not displaced. 



9 



BNSDOCID: <EP 1041563A1 J_» 



EP 1 041 563 A1 




104 



Fig.l 



BNSDCKID: <EP 1041563A1 J_> 



10 



EP 1 041 563 A1 



P1 . P1 

[-4 i 



102a- 

102b--J() 



102c- 



t 



01 



0 



0 



100 



102kxi. 



0 



0 



103a 103b 103C' 
103 



0 



^PI^ . ^PI^ 

P2 iP3 



P2 



0 



H106a; 

Uioebl 

ic 



1 



0 



0 



1061 



Qi^ioem 

^106n 



01 



1 



K 



/ / \ s 

•103g •: 103k 1031 103m 103n- 



203 



Fig. 2(a) 




11 



BNSDOCID: <EP 10415a3A1J_> 



EP1041 563 A1 



103 



— w 



■vww/www 



Ajw^ 

-m — 



•Tr201 



■Tr206 
-Tr207 



-Tr215 
-Tr216 

-Tr219 



•Tr301 



103 



^Tr306 
— Tr307 
— TrSOS 
^Tr309 

Tr311 

^Tr315 
^Tr316 



Fig. 6 



-Tr319 



13 



BNSDOCID: <EP 1041S63A1 J_> 



EP 1 041 563 A1 



zl ^I*J<•'v:^'•^.^^^f^»^y'.y■^. ■'.^■r^*f '■'-.•>^.'t..'5<*r^; 




-Tr401 

■Tr405 
-Tr406 



-Tr433 



Fig. 8 



14 



BNSDOCID: <EP 



_10416e3/l1_l_> 



EP 1 041 563 A1 



■njTjmjTnjirb — 
TjTjinjinjiTLP — 

-JUTj 



-Tr501 
-Tr502 
■Tr503 



irip- 

dlTb- 
UlT- 

JlRr 
UIP- 

iJUlr 

nsir- 
nib- 



irir- 
JIP- 

JlTb 

nnp- 



■nnjuiaruuL — 
-jinjuuuuip 




Fig. 9 



JTJTJ-LrvrunuruT, 
— ruxrLru~u~Ln 
JTjruaJxnj-LrLTi 
" " " 




103 



-njTJT- 

n_n_ 

-rutn- 
— rLn_ 
_nj-t_n_ 
— run — 

-TLTUX. 

-uru-L_ 
JxruT- 

rut 

_rLn_n_ 

n_n 

_n_n_n_ 
—Tin — 
-ru-UT- 
Jin. 



JTJTJT- 



-rUTJTJTJTJTJTJ-U 

— ruruxTLTU-Ln — 
-PijTJTXijnj-Lnj-u 




Fig. 10 



15 



BNSCKXID: <EP_ 



_1041663A1_I_> 



EP 1 041 563 A1 



I— 

Laser Light Source 



8 



Z 



Optical Modulator 



6 



Lens Actuator 




........^.........1 

An 



—7 



Laser Control 
Section 



11 



Pulse Width 
Control Section 



13 



Lens Actuator 
Control Section 



10 



Signal Generating 
Section 



12 

jL 



Addreess Data 
Generating Section 



Timing Controller 



-14 





m 11 



16 



BNSDOCID: <EP 1041563A1^L> 



EP 1 041 563 A1 



European PalMit 
Offle* 



EUROPEAN SEARCH REPORT 



Application Number 

EP 00 30 1894 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Categoty 



Cllation of dooument Milh indeation, where opprepriate, 
of relevant pasaagea 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPUCATIOH (InLClT) 



US 5 398 231 A (SHIN YUAKI 
14 March 1995 (1995-03-14) 
* claims 1-4; figures 3A,3B 



ET AL) 



US 4 341 952 A (JOHN GUNTER ET AL) 
27 July 1982 (1982-07-27) 
* claim 1; figure 1 * 



US 5 751 690 A (HURAKAHI VUTAKA 
12 May 1998 (1998-05-12) 

* claim 1; figure 3 * 

PATENT ABSTRACTS OF JAPAN 
vol. 1997, no. 09, 
30 Septeirber 1997 (1997-09-30) 
& JP 09 115186 A (SONY CORP] . 
2 May 1997 (1997-05-02) 

* abstract * 



ET AL) 



1.4 
1.4 
1.4 
1.4 



G11B23/40 
G11B7/Q07 



TECHNICAL HELOS 
SEARCHED (InlCl.T) 



GllB 



The pieeant learch report has been dnmrn up lor al daiim 



BERLIN 



IMa ol oon^MiM d Die wadi 

3 May 2000 



Bernas, Y 



CATEOORV OF CITED OOCUMEMTS 

X : paitioulailir n t m nu * t Utm akmi 

V : pwlioularly mlavant X eomWiwdwHi iiMlhar 

eooumant or ti» unia aatogoiy 
A : taohnatagioal baolwoand 
O I naiiHMMtan cfiaaloauie 
P . iiilaiii '— dpomnanl 



T : Ihaoiy orpiinB^ undarinlng tM kwenVon 
E : aailiar patent dosumani, htf pubWiad en, 0 

allarlhaakiadaaa 
0 ■ (toauniBntato4fn Viaafiplioalioii 
L • deouwaataMadfof o^haf naaana 



ft ' aianibarflf flha aana palaiilfaiirilyt flofieipandn9 
aesumafll 



17 



BNSDOCID: <EP 1(M1S63A1_I_> 



EP 1041 563 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 00 39 1894 



This annax lists tha patent family imintwra relating to tite patent dooumenta dad in the above-mentioned European seaieh report. 
The memtwrn are as contained in the European Patent Office EDP file on 

The European Patent Office is in no way lialile Icr these particulars wtiioh are maraly given for the purpose of irrforniation . 

03-05-2000 



Patent document 




Publioatton 


Patent famity 


Publication 


eitnd in search report 




data 




memlMrfs) 


date 


US 5398231 


h 


14-03-1995 


JP 


5D05576 A 


14-01-1993 








GB 


225Q626 A,B 


10-06-1992 








GB 


2277827 A 


09-11-1994 








US 


5498509 A 


12-03-1996 


US 4341952 


A 


27-07-1982 


CA 


1161954 A 


07-02-1984 








DE 


3115554 A 


03-06-1982 








FR 


2480980 A 


23-10-1981 








GB 


2075740 A.B 


18-11-1981 








IT 


1138258 B 


17-09-1986 


US 5751690 


A 


12-05-1998 


JP 


8167170 A 


25-06-1996 


JP 0911S186 


A 


02-05-1997 


NONE 







S For mora details afbout this annex .-aaeOnidalJoumal of the European Patent Oltise, Mo. 12AI2 



18 



BNSDOCID: <EP 1041S63A1_ L> 



